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Unconditioned Response Diminution in Long-Interval Human
Heart-Rate Classical Conditioning
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Previous research on electrodermal conditioning suggests that the conditioned diminution
of the unconditioned response (VR) has an associative basis. The aim of this experiment
was to tesí whether Ibis phcnomcnon also occurs in heart rate (HR) classical conditioning.
For tbk purpose. a diffcrential classical conditioning was performed. The conditioned
sil muí ¡ (CSs) were geometrical shapes (the CS±was a square and Ibe CS— was a triangle)
displayed on a computer .screen and a burst of wbite noise was used as unconditioned
shimulus (VS). For analysis uf thc conditiuned response (CR) components, an inlerval
between CS±and US of 8 seconds was used. Mier iba acquisition pbase. participanis
were tested using írials wirb iba VS preceded eitber by a CS-t-, a CS—, or a neutral stimulus
(a circle). Tbe resulís showed conditioned diniinution of the UR and suggest that 11w
second beart rate deceleration component (D2) is responsible for tbe occurrence of Ibis
pbenorneLw)n.
Kay’ a’ord.s: alasgícal aanthtioning, haart rata, unconditianad rasponsa, acmditionacl rasponsa
Investigaciones previas en condicionamiento electrodérmico indican que la disminución
condicionada de la respuesta incondicionada (Rl) posee una base asociativa. El objetivo
de este experimento fue estudiar si este fenómeno ocurre también en el condicionamiento
clásico de la lasa cardíaca (TO). Para ello se llevó a cabo un condicionamiento clásico
diferencial. [os estímulos condicionados (ECs) eran figuras geométricas (el EC+ era un
cuadrado y el EC— un triángulo) mostradas en la pantalla de un ordenador y como
estímulo incondicionado (El) se utilizó una explosión de ruido blanco. Para permitir el
análisis de los componentes de la respuesta condicionada <RO) se estableció un intervalo
entre el EC+ y el El de 8 segundos. Tras la fase de adquisición, los sujetos pasaron a
la fase de prueba en la que se presentaban cinco ensayos en los que el El era precedido
por un EC+, un EC— o un estímulo neutro (un círculo). tos resultados mostraron
disminución condicionada de la Rl y sugieren que este fenómeno se debe al componente
de deceleración secundaria de la tasa cardíaca (D2).
Palabras clave: condicionamiento clásico, msa cardiaca, respuesta incondicionada,
respuesta condicionada
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1’radi tional ly. most .stodies alíoot e lassicai condition i Hg
focos on (he sttidy of coHditioHcd respoííse (CR) as a new
[C5~OH se tu ¿it de ve!op 5 tíO H~ CO,]di tien ¡ Hg tri as. From tu i
perspective, Ihe sti nioltis sobslitotioo paradígm (S—R) asso mcd
thai ihe GR was also si ni ¡lar lo (he tiocondiíi oned [C5IiOHSC
(UR) excepí. perhaps, i H aHiplittldc (Furedy, 1992; Marcos,
¡997). l-Iowcver, as a CI}HSeÉIOCOCC of ceHditieHi ng taki Hg
place, aoother pheHOHieOOi appeared. oe less iotercstiog yel
not i n vcstigated as ni ttch: UR IflodIllal¡ OH, thaI is to s ay,
d miii olmo or fac iii tation of ibis respo~sc that takes place
inclepeíideotly of Ihe HOnasseciative eflecis of habiluatien or
sensUízatíoo. respectively. Whco ao avCrsi ve uHcooditioHed
sil mulos (LS) is used, reduced UR lías beco freq ocol y
observed afíe¡ epeated palring of a condi tiOH cd St i Hl LIII’
(GS) with dic LIS (cg.. Bal(issco, 1998; Baxter. 1966;
Kiínmcl. 1966, 1967; Lykkco. 1959; Marcos & Redoodo.
1 999a, 1 999b; Redondo, & Marcos. 2000; lhylor, Garíson.
lacoHo, Lykkcn. & MeCiue, 1999). This phenomcooo has
beco calicd ‘‘cooditioned dimio mi oii of (he UR’’ (Kl Hible &
Osí. 1961), aod a broad taoge of expía ial ion s has heeíí
oíl cred.
Marcos nod Redondo (1 999a) studied whether the
coHditi ooed d¡miooti oo of 1 he U [4 wasa phco omcoon of
assoc,atívc basis. P¿uúcipants receivecí cliscrimioaíion iraiHiog
¡o which ooe GS was reinforced (CS-i-/LS) and a secood
CS was oooreio lorced (CS—). After the cliscriníioati oH
training phase, participanis wcre (ested iotrodoci Hg fi ve
prcsentations of each GS fol lowed by ihe LS, aod fi ve
presentali oos of a nc otra 1 sti molos (NS) fol 1 owed by (he
US. 1’he restílis ¡odicated thai ihe ski o coodouance response
(SGR) aníplimde of (he UR was lower wlíeo the 115 was
preceded by ihe CS+ [han when thc LIS was preceded Ii)’
(he GS— or the NS. I-Iowever. NS/LS preseotadeH.s elicited
URs of grcaler amplitude Iban thosc of (he CS—/US
preseota(ions. These rcsolls were expialoed o (erms of (he
orieiitiog reflex (Ok) reiosia(eroen(. alihoogh a moderate
level of diseriminalive control over (he coodirioncd
dimiootioo of [he UR was also foood. htís indicatitie that
this pheoomeHon cao have an associati ve basis.
IH this experimeon we appíy (he design osed in Marcos
aod Redondo (1 999a) bot with hcart rae (1-IR) as depeodeoi
variable. 1-IR was chosen because tlíe GR in ¡-IR eoodiliooinc
with loog iotervals presenís cooípooeots thai ;.írc ;.íoiagoni suc
to the UR. Thos, (he UR elicited hy aH aversive LIS is
accelcrati ve, whcreas uhe GR shows aecclcrali ve aocI
deceleradve conípooco s. The role of (lic aH tacen st ic GRs
can be s (tic1 i ecl ¡o (he expíanati on of the coocliii onecl
di mioo(ioo of UR jo H ¡4. lo 1 he SG R class¡cal conclíliooi og.
the conipooeots of GR fol low 1 he sanie di reclion as 1 he U R
[-loweveí-,in BR coHc1l(ioHing. GR eooípone ti Is wc (y pic;il Iy
observecí as a lriphasic response complcx duriog (he
iufrisflni u1 os itílerval (Hogdahl, 1 995a. 1 9951í; Obrisí, Webb.
& Sulícrer, 1969). This triphasic curve (see t7igore l)is ¿ilso
observed in (he lypi cal recordi ogs of (he two—s (ini 010
paracligm (SI—S2). br example, cloriog an inforoíaiion—
proecssí ng secíococe from si iiii olus i npot lo (he exeeotion
respo ose. so ch as [líe perfornía ííce of a re ¿¡el.ioo — lime
rask í-cqoiriog líe líarticipaol lo press a liií(ton o response
to ¿t stímolus (cg.. llogdahl. 1995a; Koers, Gaillard, &
Mt,Ider, 1997’ Ot leo G¡ai 1 ¡arcí, & Wicotjes, 995).
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E/gte-e 1. 11k iriíilíasíc curve aoci C’R cenipoíieois ~~‘iilian
íotcrstímolus ijílerval of 8 s. Dl CursI deccícralion cooi
1iooeol),
A (acce1 eran ve coío peocol 1 /)2 (secood dccclerailen compooee1>-
Wlíen aH 8—secoíid (s) intcrsiimulus iníerval (151) is usecí,
hiere is usual1 y- al] iii i dal deceleral ¡oo (1)1) 1 ni 2 secOHds
afier GS oosel. followcd by ao ¿¡ceeleral ion (A) br alíool 3
lo 6 secoods. w ¡iii ¿1 secoiicí dccc eral ion (lfl) occtlíriog a
ew seconcís bebore líe LS i s ííí’eScíiiecl (Bol> ¡o & Kjelberg,
1979; IIugdah 1. 1 995b). ‘(‘he DI comporíení is associaiecl xvili
(líe cogr•i uy e proce 5 ses of oc Lis 1 íg allenl ion aí íd oí’ienti og lo
(líe sIiHlLIIIIs (1 Iugdahi. 1 995a). lo a cl;.íssic;íl condilioning
si tiíali 01]. (líe acce ierai i ciii in response to (líe GS ní;íy be lakeu
as aH inclex of (he coodii.iouíeci response (Oiiíiiaíi. ¡983). ‘[‘he
1)2 coínpoííent is related o aíilicip;íiioíi of a secoííd siiíííolus
¿¡oc!, tliereiore, (líe peak cii tuis compoíient wiil dc1ícíítI on
líe ¡Sí eníploycd (1 logílalíl. 1
995a).
Dcceieu’aiion lía> líe ceLípletí lo cii opelí alteíiliooai
taH ce, w hereas acce 1 eral i 01] i s reía (cd ti) a ‘‘c ¡ osed
alíeot i oííai síance” ( Veíí ahí es, 199 1). Tlíese coííce
1íts are
si mi lar lo Ihe notioos of sensory i ííl;íke’’ aíícl ‘environníemal
rej cclioh’’ { Lacey. 1 967) ah d (o Llie cli ifereu ce ir> he art—í’ate
¡C5~tiH5C5 (o oricoliííg versos cleieosi ve (DR) response Su nioii
(Cirahaní. 1973; see Hugdahl. 1995;í, ft)r a review).
T líe purpo se of liie prese it w ork was, oíí Llíe oííe lía íd
lo stud> w lid [lcr Li liLímali ¡ iR ctíííci iiioíl i ííg tlíe illietioíneíiOn
ol coíiclii¡oiiecí diíiiiíiLítitííl tíf tlíe 11k takes place aíicl. oH
(líe olber haíici, It> aoaiyze ihe íítssilíle rtiic thai GR
ctmnípoíieols lllay iíí llie exííi;íiialioíi of tuis ííiíeííonieíioo.
WiIi t líe aiiii of assess ing (he preselice of clisen liii ial ve
eootrol hy the GS, 1-IR xvas nícasorecí wilhin a diliereotial
class¡cai coíidiiitíííiííg par;ícíigío. ‘¡‘líe hypoihes¡s tesied ~veí’c:
A
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(a) hhat prececfiog the LS by a GS wiÉh which it lías beco
previtíuísly paired (GS÷)produces a more di minishecí UR
compared lo a GS explieitly uopaired with (he LS (GS—).
aod (b) thaI preceding tite LIS by a neutral siiínolus (NS),
one oot presenlcd during the cooditiooiog lrials, produces
more diminislíed (IR thaíí llie GS—. buí Iess titan the GS+.
Tite asso nipti oH u ndcrly ¡ng thi s precí iction i s that (he NS
does 001 ~t)55C55 assoc¡ative properlies, cititer exc,tatery or
¡ nhibi lory.
Method
Pa ¡‘ticipati Is
Paísieipaí>ts weí’e él Lllit1ei~raduate voltíííteer psyciio[ogy
sttídents. ages raííging lioní 20-30 years (M = 2084, SD
2.57). AII received class credit for titeir participation in (he
ex peri flícilí.
SUniulí, Ma.tcrwls, aud Apparatí¡s
Tite GS-* eoosisted of the iníage oH a computer sereen
of a red square, measuriog 7 x ‘1 cio, on a dm1 bloc
backgroooct. The GS— was also aH image OH a computer
screen, titis lime, a red triangle of approximately the same
size ¿md displayed against rite sainé color baekgroood es
he GS±square. A red cirele of sinii lar characlerístíes as
Ihose of (he GS was osed as NS. Tite aversive US, white
noise of ¡05 dB of intenshy, was tielivered titrouglí
heacipliones. Heart rate was recoicled on a Biopac MPIOOWS
by meaíís of a photop(eth~sííiograpli. Tite tí’ansdoctoi’ was
attachcd with velero to (he mdcx I’inger of (he parlicipaot’s
cíomiiiant li¿uid. StimulLís onset ¿oid túfse<, intersíimulus ¿oíd
inleririal intervaís were cootrol]ed by a PG computen
Variables <aid L)esign
Tite experiniení was desigoed aecordiog lo a repeated
oleasores factorial inodel. Tite xvillíiii—sLíbject factors were:
Precediííg si/muías: ihe leveis of titis factor were three:
CS+, GS—, aoci NS, corresponding to tite stimuíi used in (he
tcsting pitase.
fr/al: witit 5 levels. correspoodiog Lo lite testing pitase
trials.
Seconds of [IR co>npoIieIít: the nomber of leveis of titis
facior varied as a foííctioo of <he compooent aííalyzed: DI
eornponeot, wilit 2 lcvels,eorrespoodiog to secoods 1 and
2 after GS onsel; A component, w¡th 4 levels (seconds 3 to
6); D2 componcot, with 3 levels (seconds 7 Lo 9), and Uf?,
witit 4 levels (secoods lO lo 13).
Tite hearí rate amplitude elicited by each of (he
componenís analyzed (Dl, A. 1)2 and VR) was used as
dependení variable ji] caeit tesí tria], níeasLíred in benís per
minute (bpín) aííd transformed lo differeotial scorcs (dEIR).
Procedure
Tite experimeol had four parís.
Pitase of adaptation lo tite experimental situadon: Once
llie aulparatLIs xvas coíiiiectecl and the pitotopleíhysmog¡’apitie
(ransctLicter hací beco atíached, participaots were bid tliat
tlíe puiptíse of thc cxperi meol was lo measLile coíisisteiiey
over tinie i o response patíeríís <o di fferent stimuli (i e.,
geoínetrie shapes and bLrsts of while Hoise). At this poiní,
litree deíííonstí’atioíí trials xviíh only (he bursí of witite fbi-se
were preseoted. Perticipanis were bid tu reolein eaím cric]
iclaxed so thaI titeir leve] of aetivatit)n wtiLdd decrease and
titerefore not affeet tite stibsequent hearí í’aie í’ecoi’ding.
Pitase of itabituation of (he Ok elicited by Ihe GS nod
NS. Tlie aim was to elimiriate lite 1íossibíe OR produced by
diese stioíoli belore starting dic coodiliooiog tricís. Each
participaíít was infornied titat only geonielric figures would
be preseníed during uhis pitase. Eaeh stimulos (scjoare.
tilangle, aoci citele) was presenied ibree tiíííes iii pernititecí
order. starliog with ffie GS±.
Aeqoisi(ion pitase. fi Uds pitase, alí participanís were
iíífbrníed abocíl. the GS—US contingency. Specifically, titey
were told titat. froííí thai momeol on, tite bui’st of wli i te
ííoíse woulc[ always t’ollow tite presítotalion tíf tite square
(GS+) oíí lite coíiipoter set-ceo, buí í.itat it would never íollow
tite tí’iaogle (GS—). Tlíis puase consisted of 3<) preseíítatioíís
of GS+ cocí GS—, presenied raodumly wkh [líe restecizon
titat no more (li¿ín (lime coríseculive GSs eoold be tite sanie.
Tite LS xvas preseiited imrnedialely followiog tite terníioatioo
of eacit GS+. Througitoot (he experiniení, GS duialion ~vas
8 s. aííd LS dLíration Was 0.5 s. Tite iíítertrial itítervais varied
raodomiy beñveeo 25 and 35 s (offset of 115 lo onsel of
nexí GS). lo miligate habituation cod fatigue efl’ects. tite
first eonditioo¡iíg session was ended afíer 2<) trinís. Tite nexí
day, lite cititer 10 (riaL were perfornied, titcí’eby conipietiog
(he acqtiisilion pitase.
Since tite goal of titis study was tite analysis of lite
assoeíative besis onderlying tite U]? djrnjnution, it ~vas
necessary. befere startiog tite testing pitase, lo deteroíioe
witether differential conditioning itací occurí’ect mo tite group.
For titis, lite ft>Ilowing critei’ioo was tísed: ‘1?líe A compoiient
amplitude sitoold be sigoificaoíly greater in lite GS+/LS
conclilion Liten jo lite CS—/US conditico io tite ¡así ten
acqoisition lrials. Usual y. tite acceleration ¡ti resptmnse Lo
tlíe GS may be taken as aH jodes of tite conditioned response
(Óhrnan, 1983).
Testiog pitase: When tite 30 trials were conípleled, tite
tesíing pitase was initieted. Eaeit paí’ticipant was iiístructed
via tite computer screen titat, from titen t>n, lite borst of
whde noise (LS) would follow al] lite geonietric slíapes
presenled (square, tricogle, oc cirele), 8 secoods afler
stimolus ooset. Titis way. awareness of lite GS/LS
rclatioositip and predictability of tite US were controlled.
Titis pliese consisted of t’ive preseníauions cccli of CS+,
GS—, and NS foílowed by LS. Titese 15 test triaís were
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preseníed ¡o a permoted orden titos, lite LS was never
preceded by tite same GS or NS two or more times
eooseet¡tively. Tite duralion of Ihese GSs aod NSs was <he
same as jo tite acquisiíibo tria¡s (8 s).
Scoring nad Data An.alysis
Mean hearí rale for DI, A, aud D2 compooeots werc
scored during tite acquisition pitase. lo tite testing pitase.
aperí froni diese componenis, oocoiiditioned responses (URs)
were aNo scot’ed. ‘lite intervais used br tite GR compoííe¡tts
and <he UR wcre already defined p¡-eviously.
HR record was oblaiííed, from tite pitoíopleíhysíiiograpitie
record, by means ol’ tite Biopacs Acknowledge sofíware.
Analogie-digital conversion of tite Hk í’ecord was perfoinied
for each peí’<icipant and eosloni-made softwaí’e lo compute
dl-IR seores was used. ‘<‘bese scores were calculated jo cccli
<rial sub<racting tite nican 1-iR value ¡o eacit interval froní
tite baseline correspooding lo titat trial.
Repeated nicasures cnalyses of variance (ANOVA) xvere
tísed lo evaloale tite reliabi¡ity of effec<s on llie aníplitude
of lite HR rcspoííses. A rejection region of p < .05 was osed
fol cli nicin efíccís and ioícraetioos. Greenhouse-Geisscr
epsi¡oo corrections were used <o adjost probabililies for
repeated measores eflects (ieuoings, 1987; Vasey & ‘¡-haya’,
1987). Tests of muitiple nican differeoces were calculated
using tite a priori (-tesí forronla, conected for degrees of
frcedom (Kirk, 1968).
ANOVAs xvere performed witit tite purpose of analyzing
tite evolution of <he GR coníponenis atid Iheir possible
influcoce on 11k as e fonetion of preceding stimoltís. Titree
Preceding Stiniolus x hiel x Secorid ANOVAs xvere
condocted for each GR coifiponení ¡o Ihe aequisitioo aud
testing pitases. An addi<ional ANOVA for UR, w¡tit thc saíne
factors, was cerned oot ¡o tite tesling pitase.
Resulis
A 3 x 3 (stiníolos ~ <rial) ANOVA was perforíned lo
venifv thai tIte DR elicited by lite sí.imoli before star<iííg <líe
eooditittuiíír was tite saíne. Resulís of titis ANOVA sitowed
thai llie mciii effect of tricís was síatis<ically sigoiñceíít, 1(2,
60) = 4. [5. p < .05. whereas llie níain efíecí of stiinulos.
[‘(2, ¡20) .03, p > .05, cod tite ioteí’aetit>íí betweeít stimulos
aííd <rial, 1(4. 240) .10, ji > .05, ~vere1101 smeiii ¡caití. ‘Iliese
resol l.s i odicate <líat titeíe is iii ti al dcccleíati c,íí aoci subseqLiení
Ií;íbi tLIati 01]. Tuis habituation siiows a si ítiil;ír evol Lition for
tite <hice stimulj. reccitung tite basclioe ¡o rite titird trial.
A seceod aoelysis xvas carried 00< lo eveluale tite UR
evol oPon over cooditioniog Irlais. Tlie ceurse of tite UR
duriog tite iwo sessioos is showo ¡o Figure 2, wherc aH HR
clirnuiiuiioo caíí be observed. Howeve¡’, tite aíialysis slíowed
thaI tite chrnintítitin ‘vas nos statistical Iy signilieent iii any
scssíoo. No .sigiíifícaíit ditfereiices wci’e focod between <líe
lasí trial bloc k t)f lite first sessioíí (M = .69) aod tite firsí
trial bloc— of tite second session (M .87). 1(1, 60> 7.78.
p > .05. Tite itigit ioleosity of tite LS (105 dB) probably
prevenled a significaní UR itabitoation, witl> lite aversive
nalure of tite LS persisting doring eooditiooung sessions.
As caít be seco o Figure 3, tite ANOVA penformed o
tite lasí ten irmais of tite acquisition pitase le deterrnioe
wheiher differential cooditiooing ited oecuíí’ed, showed titeÉ
tite main effeet of stirííulos for lite A compo¡íent was
statistically sigoiftcant, [XI, 6<)) 7.48, p < .01. nican cIHR
in hite A window beiíig 0.59 bpín fer GS±cod —<136 bpní
for GS—. Titeí’efore, dirferential eooditioííing had occurred
o tite groop (Oitmao, 1983). Fortitermore, tite mciii effect
of síjínulus iii lIje 1)2 window wes also signuliceol, IX 1, 60)
= 8.02, p = .01, nican dl-IR líeiog —1.64 bpni for GS+ cod
0.32 bpm for GS—. No sigoificaní mcm effecl br iníeraction
iii lite Dl componeor werc foond.
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Figure 2. Evolofion el olean 41-IR amplitude of tite UR o tite
acquisilion-plíase tricís (hlocks of lwn irinís). Firsí ten bloeks
cerrespood lo tite firsí coítditiooiog sessioo cod así five itloeks
lo tite secood cond[tiorí¡ng sessíoo.
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Figure 3, Mccii dl-IR amplilude of dic GR componenís elicited by
tite GS+ aod GS- in tite así len tricís of tIte acqoisitioo pitase.
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Figure 4. Mean dHR amplitude of tite GR compooeots aod lite
UR eliciled by (líe GS+/LS, GS—/US and NS eoodilions doriog
he tesiiog puase.
Figure 5. Evolulion over lesí irials of nican dl-IR
in lite GS+/US, GS—/US and NS/LS condirions.
amplitode of DR
As sitown ¡o Figure 4, tite ANOVA performed in tite
tesling pitase mi lite Dl comporiení did not sitow any
significaní medí effecl or interaction. Tite ANOVA for the
A componení sitowed thaI tite mcm effecr of tite second was
signiftcant, F(3, 180) = 5.45, p < .01, es expected docto
tite inverted U sitape of titis componení. Tite D2 componeol
analysis sitowed a s¡gnif’ieaot main effect of precediog
stimulos, E<2, 120) 3.22, p < .05. Tite multiple meco
comparisoos íests siíowed thai tite D2 coníponeol was
significantly Iower witen tite 1.15 was preceded by tite CS±
(M = —2.02 bpm) titan witeo preceded by tite GS— (M = —.82
bpm) or tite NS (M = —.88 bprn). However, no sigoificaní
differeoees were fonod iii titis componeot between GS—/LS
and NS/LS eonditions. Lastly, DR aoalysis showed thai tite
maio effect of preceding stimolus was also signifieant, F(2,
120) = 4.93, p < .01, tite UR being significantly lower ¡o
lite GS+/LS condition (M = —1.09 bpm), titan ¡o tite GS—/LJS
(M = —.16 bpm) or NS/LS (M = —.08 bpni) condilions. No
significaní differences were f’oond in tite UR between the
GS—/US and NS/US eonditions.
Altitougit lite interaction irjais x preceding stirnolus was
nol statistically sjenificant, [‘(8, 480) = .25, p > .05, ir can
be observed lital lite DR exitib¡ts a d¡ft’ereiil palien over
IrjaIs iii tite GS+/LS condition witit respecí <o tite GS-.-/IJS
and NS/LS eonditioos (see Figure 5).
Discussion
Various explanat¡ons itave altenipted to interpret lite UR
diminution pitenomenon. Titus, tite OR reinsíaremení
itypoíhesis (Badia & flefran, 1970; Foredy & Khjííer, 1974;
(iriíígs, 1969), alíenipís lo aceount br tite difference in
response magnilude between predielable aud nopredictable
averstve stimulus conditicos. Tite unpred¡ciable (or less
predictable) aversive stimulus produces a response of greater
magnutude simply because tite less predictable a stimolos
is, tite greatcr is lIs novelíy. ¡o ibis experimení, GS+/LS
combination was presented 30 times doring tite acquisition
pitase, makiog lite poteotial rejostatemeor of tite OR iii tite
tcst pitase very uolikely. Tite GS—/US combination is new
buí at [casi tite GS— itad beco presenled frequeotly. By
contrast, tite NS was only presented 3 limes ¡o lite firsí
session during tite adaptation pitase, so witeo tite NS/LS
conibinatioíí is presenled iii tite tesí pitase, it appears es a
more novel stiniolus titan tite GS+/LS and GS—/US
conibiííaíions. Titus, aecording lo Ibis itypotitesis, <líe NS/US
condition shoold produce a greater reinstateniení of tite OR
and, literefore, a greater amplitude of component 1)1 and
UR titan tite conditions GS+/US cod GS—/US.
Tite resulis oblained by Mareos aud Redondo (1999a)
ct,uld be adequately explained as en OR reinsíatemení effect.
1-loweveí’, lite resulís obíained in tite presení stody eaonot
be explained by titis itypotitesis. On tite one itand, UR
amplitude in tite NS/LS condition was statistically tite same
as iii tite GS—~/US coiidition, and greater titan tite DR elicited
by GS+/LS. On tite otiter itand, no sigoificaní differeoees
were f’oood jo tite 1)1 component amplitude among tite titree
conditions of precedmg $timLiIHs, as would be expecred from
tite OR hypothesis. However, Ibis interpretation sitoold be
iakeo witit caution, since titere is sorne cootroversy about
tite utilization of tite Dl component as an índex of OR.
Titerefore, Barry (e.g., Harry. 1977, 1984, 1989; Harry &
Maltznían, 1985) itas queslioned tite notion thai Dl HR
deceleration isa measure of tite OR. Barry (1984) bases his
conclusion primarily on tite following ergumenís: (a) 1-IR
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deceler;íticin cloes 001. deííítííístrale líaititríatiotí í’ai.es aoywlteí’e
comparable lo SGR habi í oaí ion rales .and <it) H R
dccc leraii on i s ioclepencleot of sti niulus lilao pu Ial¡005; ¡1 ¡
especially insensitive lo stimolus ehange. Bai’rys eoiiclusituiis
concero ¡ ng HR deceleral ioo. especial y his notitín thaI
cleceleralive ¡-1 R responses dtí otíl haitituate. itave beco
severely criticized by Torpio (1983, 1985, ¡986, 1989>.
Accorcliííg (ti TLíí’pio, Barry’s failore (cí observe liabiltialion
efltcts (e.g.. Bari’y, 1977, 1982) cao be atiribtíied lo a liLímber
of melitoclological sitortconíiogs (cg., Barry. 1989; Siníons.
1989; Torííio, 1989; Vosscl & Zimnier, 1989).
A notiter of tite ex plana<itíos loriiiulatecl tt) ¡ nierpret tite
DR d¡minutioíí plienoroeiioo ~vas lite preception itypc.íiitesis
(Lykkeo, 1968; Lykken. Macindoe, & Tellegen. 1972;
Lykkeo & Tellegen, 1974). ‘Fitis itypoihesis siales thai
temporal precí icíabi 1 it> of a LS rechices i ts avers veness.
Accorcliiig tti il]is ity1íolhcsi s, 1.1 R di i>tm nutiolí oeeLirs becaLise
o!’ a pitas ¡e, se 1 ecLi ve iii lii bi ti on prcices 5 tital red tices tite
aronsal reaction to lite LIS. Titis proeess is cogo iii vely
rííecii dcc] by lite warn i ng-si gnal c~ualiiy of lite GS. Titis
hypothcsis itas Lcd icí íiunierous stodies aoci experímeols. III
wh¡ch SGR was used in oíost (see [Saltisseíí & Bouese¡n.
1986; Foredy, ¡970, 1975). Tite results c>btained in lite
presení siocty, itowever, canooi be ¿icconoled for by (líe
precepti on hypotitesis. Tite actual cci of i o foríni hg tite
parlicipanis al dic begiíío ¡ng t>f lite tesi¡ng 1íitase abou 1 ilie
st¡níuli coíii¡ngeiícies slioolcl resolt ¡o a similar LS
predictabilily aod. iherciore, ¡o a siníjíar 11k ant¡ílitude o
tite <itree eoodilioos. However, tite DR aííip].irudc was
s¡go¡ñeanuly Iowcr ¡u tite GS+/LS coodition (tau iii lite ollíer
iwo etíiichi ti ctos ,Nevertiteless, tite ctind 1 itmni ng Level o ilie
<bree coodiiions was similar iii tite lesi¡og pitase. sínee ib
significan differences werc fouod in tite A componeol
amplilude between lite GS±/US, GS—/US and NS/LIS
concliti ons. Titis resol t ¡5 coiterení w¡lit tite precept¡oo
liyptíthesis. because it ííredicts dial tite appearaiice of a (1? R
eoníi ogent lo tite awareoess of thíe GS/LS relalicín litar,
iii lite iesiiííg pitase, takes place by níeans of tite iiiformalioít
g iv en <o tite parÉ¡ci panis. ibm s iiitet’prelatiojí about lite
effeetiveness of lite unsíructitios given lo tlie parÉ¡ci lía O ls i
suppcírled by tite fací (¡ial lite ampí i tLicle of tite 1?)!
coniponeot 5 síatí slícal 1 y tite same iii llie Iliree ct>ncti litios-
Lastly, a Iitird itypol¡ícsis assu mes litar lite cootiitiooed
cli miíttítioo of lite UR itas en assoeiati ve itasi s (cg., Baxíer,
1966; Crings & SeheIl, 1971; Kimníel, 1967; Rimble &
Ost, 1961: Kirnmel & Pennypacker, 1962). Aecordiog lo
<itis itypothesis, diníioisited DR. seen iii tite presence versos
tite abseííce of a Ir¿oiiiog GS, depencis opon lite iiiIegrity of
tite represeotation of tite GS. Varitius investigations (cg..
Ganli, Detmcr. & Donegaíí, 1992; flonegeo & Wagoer, 1987,
Experimeor 2; Marcos & Redondo. 1999a, J999b) seem <o
coofirm a delerioretive effect of conditioning on tite
amplitode of lite DR aod suggest titar tite condilioned
diminulion piteoomenon dcpends on lite associetion of tite
GS witit tite LS.
Tite kvcí ityjíoílieses ftírníolaled iii titis o vestigal.ioo accepí
<líe assríiiiphioíis of rIus así iíílerprelalioo of LII cliniiiicíiion
pl] cocíhico OH - Tite resu! is obtai ncc] ¡o tIte tesí ? Hg pitase
¡octicale llial ilie Iype uf GS <it¿ít precedes tite LS cli ffeu’eííti¿íl ¡y
affecis dic aiíípl¡tcícle of llie 1)2 eoiiípciíieríl aocI of lite DR.
If lite LS is preceded by lite GS±.DR amplitucle exitibits a
gicaler cliítui itul.ioii flíaíí wlie¡í (líe LS ¡ s píececlecí uy lite GS—,
wit ¡cli secífis It> ccínfi Lo] tite first itypíítlíesis of it i s sludy.
‘luis resLílí ¡5 cc>osisleot witit tite intcrprelaliuio <itat tite GS+
lírocluces ahí e ffeci of U R din ¡noiiíín doc tc> ¡is assoeiati ve
piopeities ;tequiíecl by ¡is repealed associalion willt lite LS,
rlí;ít is, ílii-ouglí ¿u> cxciíatoí’v coodilicííti ítg prcícess. However,
lite seconcí itypoiitesi s could nol be ecto fu imecí. It is possi [ile
ilíar lite preee~íIi ciii cffect i s sil fficieiíi1> i uíípcírtaot so as <ci
cancel tite ¡ o lii ti torv effecr of GS •- iii tite <esti ng [líiase.
resulliog ¡o lite atísence of significaní differences ¡o lite UR
belweeit lite GS—/LS aod lite NS/LS conclilicios. 1-lowevei-,
iii lite GS±/U5 coiidií ion. tIte assoeial.i ve effect, witielí is tite
consedíríence of tite íír¡ cír GS+/US pairí ng, is adclecí (ci <itis
precepiioii effecí ((<lar ~vc>LIldsiuii~íly coiífirm ¿1 previtlus
ectítí iuí~,eoey). liii s woííld Leso It io a losver U R aoíííli íride i o
lite GS±/USíltaíi u> Llie oliter lwo coítcliiiciuts.
‘Ilie rescí lIs uiitiai ucd i o <líe tesí hg ph;ise seem Lo i iclicale
litar tite 1)2 corríponení is responsible br 11k diniinoiion
observed io tite (‘5±/LIScontiiiion. lo fael, 1)2 aníp [inicie i
also sigoificaolly ltíwer ‘viten LIS is preceded by (‘5±litan
ity GS— (ir NS. ‘Ihis resíílt can be iníerpreied as a
consec[LIence ci f tite cxciiatcíry eoítdi íioítiííg ((75±/tIS)titar
OceLI ‘red clii ri itg tite 31) eoiid ti oit i ng iri al s. As a 1-esoíl of Llie
iiiciii iooet 1 cciii cli ti on ¡ng. <líe (2S-t wouíd a LIow <líe partiei paor
Lo prep¿oe (ti ‘eceive dic inípael of llie aversive LS preseoted
afl.erward. ihis pi’eparalioií worílcl líe acliueved it>’ a ¡‘cspcíííse
aolagooi stie <o Dk. titar is, [íy nicahís cíf a 1-iR cieceierct¡oít.
liii s cleeeleraiino occurs rigití belcíre lite appearance of LS
aítcl is maoifesteti it tite 1)2 componeol, xv hiclí seems logical
lioní dic ¿udapíi ve pum or of y iew. lo f;íci, tite effieaey of Llie
dccelerati ve respcíuíse would be grealer tite closer it is iii
ti nie lo LUZ - Scí, ¡o tite GS+/LS conclilion, LI R wilI líeg¡ o al
a lower bpiii v;IlLie titaii ¡o Ilie oliter (Wc> eoiicíiiittiis. ílttis,
(Líe silílsequcití BR aeeeler¿tiitni woLIId ¿ílso líe Iower.
s woi’tli ooliitg. towever. lital luis Iírcííaiaíitiíí elfecí of
1 líe 1)2 cci íítpoíten 1 i s clso ~írnc]oced aííd si oh íarí y iii <he
(SS—/LS aítd NS/LS ctiítdiíitins because, o bolh cases, DR,
ohigí nales L’rciiíí a level tItar is l.íelow base! ihie. Tuis residí niav
be a ccíít.sequeuíce of Ilie ue—evalríaiiouí rif lite GS— ¿uit! cíf lite
NS doriog rite lesiiog pitase, outcome of tite iosíroctioíts
reccívecí by tite participanis al tite beginnung of duis pitase,
tlíat cause Llie GS-- cuid llie NS icí acqruire a sigítal value for
llie LS, similar Lo Ilie GS±.iloweve¡’. despile titis similar LS
prcdiciaitility, tite D2 counpooeot aod tite tJR ahe siguíificaíítly
lcíwer iii die GS±/LScondition. wliicit seems to indicare ilíal
tJR di liii nulioui is a resulí of prior coítdiíiooing.
lite fací llíar tite 1)2 compoííent, ¡o lite acquisiíion ph;íse,
recetes values sigiiificantiy Iowa in GS+/DS conditioíí titan
iii coiltro1 eciod ilion (nican HR i o <he same D2 Iateoey
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window for GS—). is eolíereot witit ritis orcí-prelation. luí fact,
iii GS+/LS condition, D2 deceleration woold líave tite ¿udaptive
fuítcl¡cto, as in tite Lesling pitase, of mirigatiuíg tite ¡nípací of
aversive LIS. Of course tuis does nor occrur iri GS— eonditioui,
sioce 1-IR valLíes do 001 deviate sigrtificantly frouíí <líe baselirie.
Gooseqoenrly, we believe tita< muí GS/US preparalions, ¡o wlíich
LS is aveusive. lite D2 compouíeítt coold be used, in addition
Lo lite accelerarive componeol, as cuí ¡odex of GR. Tite A
couitpc)oeoL 5 uclared tc> cogoitive aspecrs of CS proeessing
(L-acey, 1967; Oitmau, (983). ¡-be D2 compouent would be
‘elared lo pu’ocesses aimetl ar prepariuig <o receive tite aversuve
LS. lo BR eondiriooing, tite D2 componení is traditiooally
relared Lo anticipalion of an LS (Boituun & Kje¡berg, i979;
Hugc]aitl, 1995b) cod is assumed to refiecí aouieipatory
processes euuíied al lite deicetion of LS (Koers eL aL., 1997).
Titus, Heslegrave aocI Fruuec]y (¡977) foood larger D2s witen
parlicipants were ¡flore niotivaled nr were litrearcuied by <te
possibility of en aversive event (shock). Tite resolts of lite
work prescuited iteu’e sríggesr tit;ít tite D2 ccímpouíeot also plays
aH adaprive role, ritat is, Lo mitigare tite impací of tite
subseqocor aversive LS by LIR diminorion.
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